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AI IS’J’lLACYJ’

A  ]l~axi]llulll a lmt<’rioli  llii~~$iiil] c lassi f ier  is usd to IJc,rforlll
a salmviad classiflcatioa  of IIlliltifrc,t]ucllcy,  polar illlctric,  air+
b(l]ll{, s)L]t obser’vatiO,]s O f  bl(’al for’ests f]O]ll t]lc, ]kaallpa
C,cek l;x]~(lill,t),l:,l  11’orest, ]I(iir  l’airl,a]ilis, A K ,  into six catw
got its: 1 )  wllitv SI,JUCC;  2 )  black SJJI’UCC’;  3 )  b~l SZllll  IJOjJliil;  4)

aldcI; 5) t, Iw]css a r e a s ;  a,,d  (i) OI)QII  V.atcr. ‘lkw  classificatioli
accuracy is highest (8GY0) usiag 1,- and C-lxi}ld  fully ldarilllctric
col)ll~illcd 011 a date  whmc the forest just recovered frolli  ri vm
flc,c,dillg. ‘J’hc SAI{ IIla], coIIIpam  favorably with a vcp,datioll
]Ilal) obtailld frmll digitized aerial itlfra-rc(f p]lotos. (~-tJalId f]{’-
quctlcy aad JIV-ldarizatioll aw, mpcctivcly,  the Illost u s e f u l
flcqucary  and polarimtioa  f o r  IIlappiac trw types using SAR.
Cb]l)hil}aticnl  c,f lnulti-date SAlt observations  dots IIOt i)nl)lovo
cli{ssificatim!  accuracy, and SAI{ data acquired 0]1 diffcrcllt diit~s,

ulIdcl diff’v lent  cllvilolllllclltdl collditiolm, yield classificatio)l ac-
CUlil  Cl(>S lti%I  to 41 !% IOV.K’I.  SiilpJc-fl’cJclll(~llcy,  sillgle-l}olarizfitic)ll,
SA1{  (Iiltii  SIICJW  lilllitd II]appillg cal)ability. Multisl,cctral  S1’O’J’
obsm vatioils of tlw same arm  m a sinr,tc date  yidd a classificatiolt
accuracy c)f 78%. Colnl]illing optical and SA1{  data is useful fol
idmltifyillp,  trw slwcics, illdcpcvldclll c~fgrcwud truth vcriflcatiol],
using bio]llass cwtill]a[cs fro]ll SAI{ at 1,. band lIV-}, olariz,atiol~,
NIJVI flc,lll S1’0’1’ d and ill fra, -rd radiauces,  and all ullsuI)cr-
visccl scF;ll\cl\t:\tic~ll ll~al) of the f; Al{ data.

lN’J’ILOIIL1 CYI’1ON

Mal,l,illg tree spccics usiug rcnmtc  scmsing tccl~lliqucs  is illipor-
tallt  for forest Iriollitorillg, al~d fol ilaproviag  cstilairtcs  of  Ic,-
gic)ltal, co)l’li~jc)itdl, aud global l,l,otc,-syl, tl,c,sis and }Jloductioll [l-
2]. SAR ilila?,cs have SIIOWII  l,otrlltial  for sel~aratillp,  trm sl)ccics
,ill all-wwrthrr,  day or IIigllt collclitiolls, a t a hig, tl sJ,:itial rcsolw
tio]l, but ]IIIost  studies have bma Iilnitcd to tt{c analysis of scattm
}]]ots [3], 01 co]or ;I,lagfs [4], and very fc,w attcltll)ts  llilV(  [1( tually

:h[,li luado to IIlalj species colll}]ositic~ll c)]] a ])ixcl to l)ixcl biiSi  S

ancl estimate the nu]l)bcr of pixels correctly classificcf. III a&
ditioll,  cstablisllillg  rclatiolisliil):s bctwcmt radar  sig]latures  a]jd
formt  paramdm is still aa active a]ca of research [5], so tl{at
idcvltifyiag trw sJ)ccics froln SAlt data  alollc, witllc~ut  lcquilillp,
grclultd-truth  vclificittic,l~,  is difficult. l’inaliy, Illal)l)illp,  sl~ccics
colij]msitio.a using rclncjtc scllsilig tcclllliqucs may o]ily al))jly to
a linlitcxl r,iagc of trw structure aud etlvirolllacntal  Collditiolls,
aad thcwc lilllitatioas  Deccl to bc detcrlilirlcd,

III this l,alm, we J)rcscrlt Classification results obtaiad flolll
IIlulti-date, l(lulti-cl~al{l{cl, airbor!ic SA1{  obscvv ations of Alaskali
boreal forests. A lnaxilllulll a postcriori  ]Jaycsian classifier is used
to ])c,rfort)l  a sulmrvisd  classificittioll of tree spccics, aud cvalw
ale tile ildd(>d  value of varic~us }Jolarizatiolls a)!d frcquctlcics fol
ili]provillg rlassificatioll  accuracy, as wc]l as tllc cfkct clf c~liviroll-
IIlciltal coll(litio]ls 011 111[, llla~)l)ill~~ caljal)ility of SAI{, ‘1’IJc res~]lts
arc co][]parcd with tliosc, ohtaiad usi]lg s]]acc,borllc c)bscrvatio]ls
at ol}tical  wavclcllgtlls flolu tllc Satellite pour C)bscrvatioll dc IC
‘Jkrre, S1’O’J’.  J’illally, wc briefly discuss tl~c iaferctlcc of above
g,roultd woo(]y biol!lass frolll  SAlt C]ata, its dc])eIidcIIcc’  0]1 sJ>ccicm
collll,ositioll and 011 cllvirollli)clital collditio~ls; aad IIOW SAIL  and
S} ’C)rJ’ rmll)bilicd licll) idclltify sJ,cu:ics col)l])ositioll i]ldc,]>clldcllt (,f
gloulid trutli vcrificatioli anrl prolfidc ilt])ut ccolop,ical paralllctcls
of illtcrcst  to ]I]odcls cjf atl[lc~sl)llel  e- biosl]llc,rc*  (;OZ cxcliiillp,c.

S1’J+;CIJM  COMI’OS1TION 11’lLOM SAIt

A hfaxilllula  A l’osterioli  IIaycsiall classifim for IIltlltiflcclll(tlcy
polalin)ctlic  SAN data  [6] is used to pc,rforlll  a supcrvisd clas-
sification of six categories of tcvra ill Cover: 1 ) white s])rllcc’; 2)
black s}uucc;  3) Lalsaljl poplar; 4) alder; 5) tlcclcss  alms;  and
6) OJIL’11 Watcl SAlt okl vatiot,s o f  tl,o Ilot,a I,za ~;rcck l;x-
ljcriloclltal  fc,rcst (64° 45’N, - 14S0W) wc,lc col]cctd  0]1 3 diflc] -
cut e lates  ill MaTcli  JW3, duri]~g which tllc folcst  challgd  fml]
frorml to thawed couctitiolls allcf back to froml collditiolts duc to
a tralisitioll  to ullwually  warla tcllllmraturcs  [7], and OJI 3 dif-
fmcat  elates ill hfay 1991, cfuriag wliich the fomt cllallg,d fcot[t
ftooctcct collditious to uIIfloodd  collclitiol,s with the rccdillg of
the ‘J’anana river waters  [S]. III 1988,  l’-banrf was oIIly available
OJI March 13, and C-band  was colluptccl oa hlarch 13. II] 1991,
all frequencies WCIC availal,l(, but l’-tMI,d was COIIUI,lWI 0,, scv-
cra] dates. I’he lrlalti-ctatc SAI{ SCC]IIN wcm all co-rcgistmwl  to
hfay 6, 19{]1  sccac. A total c,f 59 poly<,o],a]  t] ail,i]lg, sites WC](,
sclc~ctcd ill tllc 10 kII\2 rcgio]~ aloli~, tlic I’allalla rim for which

. .
A})ccles COlll])CJSltl  Oll  W’~S  kllO\\’11  flOlll g,roulld tlutll  vcljfjcat,jol(.

?2 of tllcsc, stands  vwrc used to colnljutc the ]IICfiJI  radiolllctric
ADC1 polalillictric  characteristics of tllc six icfcatificd tmra ill cilte-
~,orics, which were tllctl used as input piiralacters  for tllc classifier.
Classificatiol( accutacy  (the IIullitm of corIectly  classifid pixds
d i v i d e d  by tlIc total IIulnl]er  of pixels)  was corli])utd  for all 59
stands  aIId recoIdd  ill collfusiol)  Illatlices  (rl’able 1-8).

‘J’hc hip,llest classification accuracy is ol,taillcrf usilig 1- aud
C-band fully polaril[lettic  0]1 May 6, 1991, whcvc the fcmst is
just rccovclil[g from river flooding. 86% of the folcst  },ixcls a]c
corrcct]y classified, aud 91 % ovmall (i.e. iacludilig opc]i watol )
(’1’able 1), A cfi~ital vcgdatiou  n,ap assc,lubld  fro],,  it, fra-rcd
aclial  photos by USGS J;RC)S Alaska J’icJd office, Allcllolagc,
Alaska yields 73% classification accuracy for the folcst l,ixcls and
&’9% overall (’1’al,lc 2) twcausc it dots IIot il,cludc tree-less areas
crcatd by clear-cuttitlg of trees allcl forest fires bctwccll J978,
cfatc of acquisitioli  of the iafra-lcd  photos, and 1991. l;xcludi]lg,
the tree-tcss areas, the vcgctatioll IIlal, has Only a 87(% accarticy,
bccau.sc srvcral  tree stalids  were u]lcorrcctly la bc]cd m prokl-
bly chal,gd in aatur’c bctwcc’11 1978 aad 1991.  lJsilg 1,-balid
flcqucl,cy alone yields all accuracy of o]ily 78% (’Jhl,lc 3). 011
hlarch 13, 1988, whcu the fomt is i~~ tl~awcd state due to UIIUSW
ally warlll tcmporatulm,  I,- and l)- band polarilllctric  cc)llll)itld
have si]i accuracy of 70% (rl’atdc 5). 011 h!arch 19, 1988, WIIQ]I
the forest is ill frozcll state, the accuracy is c,tily 44% (’I’uMc G).
l)ata acquid  at tllc peak of ffoodillg 011 May 3, J991 yield ac-
cu]tccics IO% lower than  tl~osc obtained oa May 6, 1991 because
strong  trc~Q-tILltlk/grollllcl  illtclactiolw  IIlas k out fillcl difk,rc]lccs
ill radal Lmckscattcl bctwccll t.lcw sl)ccim C)II h~ay 3. (;olaljitlatioli
of scvmal of these dates does IIot improve class ificatioli accuracy.

01, a  silip,lc clalc, C-bal,d and ll\~-l,c,laliz:  itiol,  aK, lcspcc-
tively, the laost useful flcquellcy al(d polalimtiotl  fol tlec  real)
ping (1’i.g. 1, and ‘J’able 4). C-baad IIV l)robab]y is IIlostly due to
scattering flo]il bral]ctlw and reveals difforc]lces ill b]ancl L gc,ol II-
ctry  al!d fcjlial biolilass, U,llilc 1,- ballrf IIV JIrobably Jcveals dif-
fcrcllccs ia abovc~ ground  woody bionlass, i.e. ilicludillg braacli[,s
a]ld truafis. C-bal,d W (1;1{S-1  ]aodc),  1,-bal,d  Jllf ( J - J ; l { S -
1 nlode), and C-ballrl 1111  (l{ Al) AJ{SArl’ UIO(IC) cotllljillwl yield
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it ICascmaldc  a c c u r a c y

yie lds ])oor accuraci(w,

(’J’al,lc 7), while ~ac’11 Ollc Of tll(lll  illOllC

(:-kind 1111 in particular provides a p,ood
discliltlillatioll  fwtw’cell alder dnd lJalsal II poj)]ar prol)al)]y lJe-
causc trullk-p;rou lid intmact ions arc ]l)orc impor iant ill alder tlcm
whicli  arc closer to tlw river si~ld arc sti}l n[)o(kd, wllilc balsa]]l
]) O]lliil trws arc a\!,Hy flolll  tllc rive]  I)allk, at l}ip,llcr elcvatiolis,

find Ullfloo(lcd  011 May G .

SI’lWII:S C~OM}’OS1’J’10N  1’ILOM  S1’C)’J’

h!ultislmctral  optical data  acquired Lry  S1’0’1’ 011 Aug,ust 8, 1991
were used to classify the salnc area. Ilnagc classes were selcctcd
based o]! a l~itllti-dilllcllsiollal cluster analysis of visible, red, and
ill fra-rwd Iadiallccs,  and classi f icat ion was per formed usiug a clas-

sifrcr  silllillar to tllc OJIC used for tllc SAI{ data. ‘J’IIQ classificatiol~
accuracy (78~o fOr tllc trws altd f)oyo ovmill) k ]Owcr t]lall that
Crblaillcd with AI I(SAI{.  S1’01’  better separates conifers froln de-
ciduous t]cm  (diffcvcnt .morlnalized  difl’crctlcc vcgctatioll  illdcxcs
(NI)VI)),  but dots  l,crt sc},aratc Maclc s},ruce fro]!, w],itc sl,ruce,
al~d alder front balsa~n poplar (saturated NI)V1) (’]’able 8).

WOO1)Y }I1OMASS F1tOM SA1{

‘J’hc rctricvul o f  Lriolllass  flom SA1{  clata is  illvrxtigatcd usi~lF,
inversion curves derived for ma,ritimc pine-plantations [5]. ‘J’he
r e s u l t s  confir]n  tl!at tlic  lollgcr  wavclcllgths  (1,- and 1’- bands)
arc best for Liollliiss  retrieval, allcl cross -f)olarizatio]l is Ijcltcl
thali  colincar )>ol~rizatic,n, llowcver, ollvirollnlclital collditi(,lts
8tr0]@y  aflkct the l~clforlllallcc of tllc illvcrsioll, Iwcausc or dI a-

matic  chanp,cs ill tlie water  content of the soil and vcp,ctdtioll
duri]g  frc:m/thaw ,  and clrougllt/Oood  trallsiliolls, ‘J’llc Cflcct
i s  ]Ilorc iluportant  a t  1,- band thau at l’-ba]ld (1’ig.  3.4), Wllc])
tlIc trees arc frc,zcll, tllc rc,trioval of biol[lass is cfiflicult (1’ig.  3).
l“loodcd trees also crcatc  a special situation. ‘J’hc best fit Lrctwcml
tl~c ]uaritiaw  piue illvcrsicrl{ culvt, and {he radar  lncasurctllcllts
is for tllc SAR data acquired 0]1 May 7, 1991, wllct I the forest
is u], flood ccl (1,’i.g.  2).  III additic,ll , diflcrcliccs  exist }jctv.,ccll tlcc
spec ies .  IIt,r  illstallcc,  black sI)rucc stirllds IIavc  all o~’c,lc,stitll:ltc,(l
L,iolllass  level. IIlack s],ruce tlccs  arc t,yl,ically  sIIIallc]  ill Ilcip,l, t,
llUt  With  i \  I\ig,l\cr stCll) dcllsity  (’Ol))])illC(l  to IIlilritilllc {Iillc tlccs
[5] .  S],)all and dci,sc t~ccs can l,tivc tllc  sa]llc bio]lass  level as
tal l  and slJalsc trees and yet cxllibit diflkrclit radal  l)ii(’k SCill  -

tcr values. IJiflilctlccs  i] I tree gconlctly  (e.g. dis t r ibut ion  of
blallcllcs)  could also be a factor. Nevertheless, w]lcIl ttlc fo]cst
is IIcit}lcv jlocrdcd nor frozen, tlw illvcrsio]l curw  frol[l tllalitilllc
ljillc-l)lallt;~tiolls l]cII)s sc])aratc  areas of IIo biorllass, low Liolllass
(1 ton/ha), intcr)llcdiak  biolna:s  (10 to 100 tolls/l,  a), and l,ig,li
Lriol,lass (>. 150 tolls/l,a) i], tl,c IIatu]al f o r e s t s  o f  Alasliir.  lo]
coll~parisoll, NI)V1 coll)l)utcd fm]ll SI’O’J$ data show Ilo corrcla-

tiol, wit],  above grc,ultcl l)iol,lass  (lip,. 5), as i,, [9].

SYN1;l{GIS’J’1(2  lJSN OF SAIL  ANI) 0} ’’1’ICAI,

Chllljilliug S1’0’1’ a~ld SAl\ llCIIN idcvltify  tlcc  sjwcics, itldepcvl-
clc!lt of .gIouud truth vcritlcation,  a step t}lat sliould lx, ultililatc]y
acllicvcd using oIily  onc scJIsor, Ill the  summer, NI)VI scl)aratcs
deciduous trees (balsam  poplar Srncl alder) from conifers (white
spruce allcl black spruce), trcclcm areas covcrcd by a snort vcg-
ctatioll  of shrub (clear-cuts, rcccntly Lurllcd areas), and CIJ>CM
v,,atcr (1,’ig. 5); Wllcrcii, SAI{  data at 1,-balld llV-l)ol arizaticr; i prcj-
vide 4 diflkrcllt ICVCIS  of biomass, corrcspondiig  to ]Io biotllass
(opt], water), trcw-less areas (clear-cuts), i),tcr,,lcdiate  I,io],]ass
(black sl,rucc and aldcl ), and big], Lrioltiass (wl,itc  sl)ruce, al,d
tralsa]n po}~lar) (1’ig. 2). A s~gjncntatiol] lnap flom IIlulti-cllanncl
SAI{  data could provido groups of irrlagc pixels that arc natu-
rally scl)aratcd  by the  radar  a n t i  t}lat ]Iavc homogmlcous  and
silllilar  radiolllctric  and }Iolarirnet)ic characteristics. ‘J’llc lalwl -
ing of each group into a tree type based 0]1 its bio]nitss level
cstilllatcd  flolll SAlt and its NI)VI from SPO’J’  would thml yield

a ]Ilap of species colnpc)sitioli. Ktl(rwilg  the N1)VI of tllc dil-
fcrcllt s tands  p r o v i d e s  itlfortllatioll  iil)O(lt l~iif  arc:i il,dcx (I,AI),
wliich, co]ol~iltcd with slwcics colnpositio]t, yield Iicy paralllctc]s
for IIlodeli,lg att[)c,sljllclc-bic] s],llcrc (~0~ cxcl,a],gc [1].

CONCI,LJS1ONS

‘1’lic results SIIOW that SAlt cirti ll)aj) t]cc slwcies of IJ()]cill forest
wit}l  a ]li F,}l classification accuracy, colllparaldc  to that otrlaillcd
with c)ptical scmscm, and to that obtaillcd flo]n vcgetatiotl IIlal)s
assclllblcd flolll dig,itizcd  atria-photc}s that typically ]cquirc scw

cral years fcu colnplction.  lU the Arctic., where cloud cover is Icl-
ativcly in~portallt,  SAR has a definite advantage. ‘1’IIc  tt]il]]l)i]lg

capability of SAR is poor itl willtcr W1lCIL  the trees arc flozcll, slid
clurillg sl]lillg brcali u]) WIICII  tlic trees arc flooded. Multi-date
imagery dots nc~t ILc]p i]ljprovc classification and cvctl degrades
it sigaifica]ltly. IIy rccluciug the numl,cr of cllallllc]s used  for
classificatic,u lvc cvirluatcd ill a qua]ltitativc  fashion the added
wrluc c}f various frcquulclcs  a!ld }~clltlriz:itlc~l~s. ‘1’IIC  Cflect Clf cll-
vi]olllnclital  conditions  and c)f t)ec spccics C)II the  ilifcrcllcc o f
fcrrcst paraln~krs  frol!l SA1{  data was il~vcstigatcd, slicrwillp,  that
frozcw slid flocdcd collditioils yield diflicult situatio]ls  fcjr tlic ill-
version. in futu]e  studies, wc will addlcss  the potential for SA1{
to ma]) tree spccics ill the prcswlcc of topo~,ral,}ly  SIIICC tolJcJ-
graphic maps registered with the SAIL  data arc ]lcnv available
in opcwatioual IIwdc irlmald AI I{SAR.  More v.,ork is also nccdcd
to develop an crutomritcd mrrpping  capabil i ty using,  SAlt alo][r
by illlproving  our curlctlt  Iinov.’lcdg,c  of tllc rc,latiollsllil)s I)ctw’cctl
SA1{  sigt, aturos at, d fo, cst  J,ara,],ctc,. c,tllcr  tl, a,, l,io,,lass.
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‘J’nl)los CX,lifusioll  Illatriccs f o r  ( 1 )  1,- aljd C2t,atld fully I,olaril,lc.tric
O! I May  6, 1991. ‘1’otal clsmsiticatioll  Mccuracy  is 90. S%; and 86,2% for
trees ol)ly, ( 2 )  I)ig, iLal vcgctatiol) lJ1aJ), ‘1’otal  classification accuracy
is 89,3%,;  al!cl 72,8% for  t rees ot)ly, (3) 1,-k,aljd  fully }Jolarilljctric  o]!
May 6, 1991. “Jbtal classificatiml accuracy is 7S.2%; a,,d 69,7X, for trees
ott)y.  (4) ~;-balld  fully IIo)ariltlctric  or] May 6, 1991. ‘lolal  classificatioij
accuracy is 84,570;  a]id 71.770 for trees o]ily, (5) 1,- and  l’-l]a]]d fully
lwltrritllclric,  011 Ivfarcli  13, 19$S8. (6) I,- allrt Cbatlcl  fully l,olaritllct-
ric, oll Malcll  19, 19Mi, (7) 1,-t, arlfl 1111, ~-ljallci  V\r) al)d Gl,a)ld  1111
data o])  Niay 6, 1991, ‘J’otal classificatiol~  ac.curticy  is EX.O%; and S1 ,5%,
for lrces o]]ly. (8) hfultig},ectral S}>O’l’ data acquired 011 August 28,
1991,  ‘J’otsrl  classificatio)l accuracy is 90,1%];  and 77,8% for trees ol)ly,
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l<”igtlrx:  1. I{adar  t,ackscaltcr o~,l, at 1,-l)atld  llV-I,olarir,at  ioti C)[I hfay
G ,  1991 vcrsos r7j(L, at C-ballrl  IllJ-}Jolarizat.  ion, ‘J’rcc-less areas (+),
black sl,rucc (A), alder (x), white sl,rucc/lmlsa,!,  j~oI,lar (3 ), I,alsfi,,]
~ml,lnr(2),a)1d  wliilcsl,ruc.c  (+).
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1,’ig~lrc  3 .  I{aclar  ~,ackscfitlcr  0$,,, at 1,-l>al)d llV-l>olariniio]i  o]) 4
diffcrcl,t dates  (hfiircli 1 3 ,  1988; h!arcli  1[1, 1988; h l a y  3 ,  1991; and
hfay7,  l{)91)\,crs~ls  tllcal,ovc  grc~tlll(l  wocxlY l)iolll:l$s(tOlls/11~).
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l’igllrc  4. ILadar brickscattcr  Oj’,l, a~ l’-balld llV-l,olarixatiol,  011 4
diflerc[lt dates  (hfarcll 13,  1988; hlarclj 19, 1 9 8 8 ;  May 3, 1991; and
hlay  7 ,  1991)  vcrsustl,c abovcgrouljd  wuc,dy t,iol]la\s(tc,l,s/ll[t).  ‘1’l,c
co]ltilluous liljc  i s  all ada~)t.cd vcrsiorl  of t h e  l~laritil,,c  l,il)e  illvclsior!
curw [5],
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1,’ig(}ro 5. N1)VI  il)dcxes  froln  S1’0’1’  da ta  versus  tlIe  al]ovc  g,tou]id
woody l,ioljlws  (tolLs/tla),

l’igurw2. ILt!dtir  backsctittcr  Oj, v at ),-band llV-l,olarizatiollol,  h l a y
7 ,  1991  vers,,s tl,enl,c,v{g  rc>tjl,cl  woody  bio)jiass. ‘1’tlc colltilloous Iillc
is adal,tcd fro]jl  ttlc lt!aritir!w  l)illc  )Illvcrsio]l  curve  [ 5 ] .  l,;rror  I)ars  cor.
rcs}m]id  kj  tllc staljdard dcviatio]l o f  tlIc IIjcasurcr[jcllls  ill caclI starld
for lIIC bim]lawalld the ojl,, values.


